Biomedical image processing techniques involve a lot of mathematical equations and new learners need to calculate manually in order to analyze such techniques. It is therefore very important that they understand the biomedical image processing through live demonstration to add to their understanding of the techniques. This research will enable the biomedical students and staff, who are new learners in medical image processing, to use a software package that can analyze various techniques of biomedical image processing. It is one of the alternative ways to improve their learning process. Moreover, developing this user friendly software package using the Matrix Laboratory (MATLAB) will bring a lot of benefits to the users. Among the benefits of the software are shortening the time to process an image and helping the new learners to study about image processing because they can observe the particular object rather than just applying mathematical equations.
1.0 INTRODUCTION
Biomedical image processing is any form of biomedical signal processing for which the input is a medical image, such as from various imaging modalities, i.e. MRI (Magnetic Resonance Imaging), CT (Computed Tomography) Scan and X-Ray. Most biomedical image processing techniques involve treating the biomedical image as a 2D signal and applying standard signalprocessing techniques to it. There are a lot of works for certain applications that create a user friendly software package for understanding a particular task.
For example, ImageJ software can calculate area and pixel value statistics of user-defined selections. It can measure distances and angles. Images are normally used for documentation, qualitative description and illustration of how phenomena occurred. If a user wants to calculate the number of blood cells in a dark image, he or she will find it difficult to calculate it because the image is unclear. Therefore, by using suitable image processing techniques, he or she can enhance the image so that the visibility of blood cells is obvious. From various applications, users can learn quickly on how Biomedical Image Processing techniques work through the analysis in the software package developed by using MATLAB Programming Tools.
There are a lot of experimental efforts to understand on how to develop software package for biomedical image processing techniques. A C++ software package is developed to assist users in visualizing the effects of image segmentation. 1 The advantage of this work is the time of image segmentation can be reduced greatly by using this software. However, there are also weaknesses in using this software. One of the disadvantages is that users cannot set the parameters of measurement for image segmentation.
Another developed software is a software package for medical imaging applications which is also known as HIPPOCRATES. 2 It contains a lot of advanced routines which perform low level and high level image processing operations, while their modular structure helps in the development of any image related applications. Many software package features are available in HIPPOCRATES that is useful in medical image analysis. The main features are segmentation, edge detection, morphological operations and tools for handling ROIs (Region of interests). 2 However, the 2D images cannot be processed using this software.
A software tools known as Duff is developed for visualization and processing the neuroimaging data. 3 The main idea of this work is how the software package, namely Duff can provide synchronized visualization of multiple co-registered image volumes, surfaces, and curves. The result of this research is that the developed software is able to provide users with increased abilities to represent & interpret data of images. However, the visualization tools of this software are limited to the users.
Next, an optimized Java based software package for biomedical images and volumes processing is developed called ImageJ and integrated with VTK (Visualization Toolkit), which offer a rich set of tools to visualize and process images and volumes. 4 These two subsystems have been encapsulated into a common graphic interface, developed in Java, thus ensuring a simple and user friendly tool to open data, to choice between a series of image processing filters, measurement and graphical functionalities, and to switch between images and volumes analysis and processing. However, not all functionalities are available in the software yet.
2.0 THEORY

Biomedical Images
An image defined in the "real world" is considered to be a function of two real variables, for example, a (x, y) with a as the amplitude (e.g. brightness) of the image at the spatial/plane/real coordinate position (x, y). 5 Biomedical images can be obtained from different imaging modalities, for instance MRI, CT Scan, XRay, ultrasonography and others. The file of those images is usually in TIFF (Tagged Image File Format), PNG (Portable Network Graphics), JPEG (Joint Photographic Experts Group) and others. Figure 1 shows biomedical images from different imaging modalities.
Image Processing Technique
By using image processing techniques, the appearance of an image can be improved. Furthermore, the qualitative measurement of an image can be carried out without have to do it manually and to bring out the obscure details of the image. Nowadays, there are various image processing techniques available. The three main image processing techniques available in the developed software are image enhancement, image filtering and image segmentation.
Image enhancement is performed in order to make the processed image more suitable than the original image for a specific application. The main objectives for image enhancement are to sharpen the details of the images and also to smooth the images into more uniform regions. In image enhancement, the common methods used are intensity transformation, contrast adjustment of image using histogram and spatial filtering.
Image filtering technique is normally being carried out in the frequency domain via the Fourier Transform. By computing the spectrum of the Fourier Transform (i.e the magnitude of the transform), its transform can be analyzed visually. In order to sharpen an image, high pass filtering which only attenuating the low frequencies of the Fourier Transform is applied. On the other hand, low pass filtering is used to blur an image and also for noise reduction. The most effective filter in reducing noise is median filter.
In order to solve the graphical picture pattern-recognition and scene analysis problems effectively, it will be essential to begin with image segmentation. By observing the specific characteristics of the image processing problem, the appropriate choice of which segmentation method can be selected based on the applications. An image is subdivided into its constituent regions or objects by segmentation. Segmentation process would stop once the regions or objects of interest in an application have been isolated successfully. Various images are available as an input in the software. Users can choose those images and click on the buttons in the software to choose the specific image processing techniques to process the image. The desired output image will be displayed as a result. Figure 2 shows the flow chart of the process stages. 
3.0 METHODOLOGY
4.0 RESULTS AND ANALYSIS
In order to make the software package is interactive, MATLAB's GUIDE (Graphical User Interface Development Environment) is used to create buttons, pop-up menus and others so that users can choose the available options in the software. Figure 3 shows the Main Frame of the developed Biomedical Image Processing (BIP) software. 6, 8 The Main Frame of BIP consists of 3 buttons which are Start, Exit and Help. If the user clicks on Start button, the user will enter into the Menu frame (as shown in Figure 5 ) to choose the image processing techniques available. However, if the user chooses to click on the Exit button, the Main Frame will be closed (exit the program). While if Help button is selected, some basic information regarding BIP will be displayed in order to provide some guidance to new users as shown in Figure 4 . All the methods listed in the Menu can be used to process the image depending on the users' choice. Every method is applied in different ways in order to obtain the desired output. For instance, in order to enhance image contrast, users can select either intensity transformation or histogram method as shown in Figure  6 . Both methods can be used in image enhancement. Figure 7 shows the GUI of intensity transformation which is used to enhance the image contrast. Simple steps on how to apply this method will be displayed if the user clicks on the Tutorial button. On the other hand, if the user suddenly decides to choose another method, the Back button can be used to change back to the Menu in Figure 5 . If About Contrast in the GUI image is clicked, Figure 8 will be shown to display some basic information about how best contrast stretch image can be obtained using BIP. Figure 9 shows that sliders can be used to change the contrast of the image according to the setting value by the user. In order to obtain the best contrast stretch of an image, the Auto option can be selected. The negative of an image (Negative Image option) means the output image is the reversal of the input image. In the case of an 8-bit image, the pixels with a value of 0 take on a new value of 255, while the pixels with a value of 255 take on a new value of 0. All the pixel values in between take on similarly reversed new values. The new image appears as the opposite of the original. Figure 10 shows how the contrast of an image can also be adjusted using histogram by dragging the mouse over to the range of the desired gray level.
The process of linear spatial filtering consists of moving the center of the filter mask, w from point to point in an image, f. At each point (x, y) of an image, the response of the filter at that point is the sum of products of the filter coefficients and the corresponding neighborhood pixels in the area scanned by the filter mask. Figure 11 shows how a mildly blurred image can be enhanced using Laplacian filter. An image is a 2D collection of discrete signals that have frequencies associated with them. Discrete Fourier Transform can be used to determine the frequency content of an image. The 2-D Fourier Transform of images will reveal interesting properties that are shared by many images. Natural images could be distinguished from Non-Images such as noise by visualizing and analyzing the Fourier Spectrum produced. Different filters are used in different processing applications.
Visual analysis of the spectrum by displaying it as an image is an important aspect of working in the frequency domain. The low frequencies content of an image (bright spots) distinguishes the natural images (with bright spots) from the non-images (without bright spots). For better visualization, bright spots are moved to the center of the image. In Figure 12 , for Fourier spectrum in (b), bright spots are displayed in the center while there are no bright spots in spectrum (d). This means that image (c) is not one of the natural images. In image smoothing technique, median filter falls under the category of order statistics filters (non-spatial filter). A median filter is very effective in reducing noise and preserving the edges of an image. Utilizing median filtering, the center value of an output pixel is determined by the median of the neighborhood pixels as specified by the size of the mask. Other types of order statistics filters are max filters and min filters. Max filters are used to find the brightest point in the image and the center pixel will be replaced by the maximum value in the neighborhood. On the other hand, the center pixel will be replaced by the minimum value in the neighborhood for min filters. Figure 13 shows the effectiveness of median filter in reducing noise and preserving the edges of an image. The highpass filter sharpens the image by removing the low frequency noise in it. Figure 14 illustrates on how to apply an unsharp masking filter to a grayscale image to sharpen the edges and details in the image. The most powerful edge-detection method that edge provides is the Canny method. The Canny method differs from the other edge-detection methods in that it uses 2 different thresholds (to detect strong & weak edges) & includes the weak edges in the output only if they are connected to strong edges as shown in Figure 15 . This method is therefore less likely than the others to be fooled by noise & more likely to detect true weak edges. A better parameterization of a straight line is given by using two different parameters with finite values. One possibility is to take the angle of the slope of the line and the distance of the line from the center of the coordinate system. Figure 16 shows the blue line of the image as the longest line segment in the image by applying Hough Transform.
Thresholding normally results in binary image. Any point for which f(x, y) >T is called an object point where the pixels labeled as 1(white). Otherwise the point is called a background point where the pixels labeled as 0 (black). The thresholded image, g(x, y) is defined as pixels labeled 1 or 0 depending on the conditions. Figure 17 shows the result of thresholding using an Otsu threshold method. 
5.0 CONCLUSION
In conclusion, the BIP software is successfully developed with various interactive applications installed in it. Based on the results obtained by processing the images using BIP, various image processing techniques can be performed easily without having to calculate it manually using mathematical equations. Further improvements could be made by adding more image processing techniques into the software package. For example, such techniques like image registration, morphological image processing and others could be included in the software. Additional toolbars also can be included in the software such as calculating the number of objects in an image or any biomedical image analysis.
